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(54) CYLINDER INJECTION TYPE INTERNAL 
COMBUSTION ENGINE 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a cylinder 
injection type internal combustion engine with an 
occlusion type NOx catalyst, in which the occlusion 
type NOx catalyst is early brought in a high 
temperature state so that occluded SOx can be 
certainly purged at any time without degradation of 
fuel consumption. 

SOLUTION: This cylinder injection type internal 
combustion engine has two-stage injection steps 
(S16, S26) and rich air-fuel ratio operation steps 
(S20, S30). In the two-stage injection steps (S16, 



S26), a part of fuel is injected as a main injection 
in either contpression stroke or intake stroke, 
while the residual part of the fuel is injected as 
an auxiliary injection in an expansion stroke. In 
the rich air-fuel ratio operation steps (S20, S30), 
the fuel is injected in the intake stroke such that 
an air-fuel ratio becomes a rich air-fuel ratio. 
When a sulfur component (an S component) must 
be removed (S10), the two-stage injection steps 
(S16, S26) and the rich air-fuel ratio operation 
steps (S20, S30) are executed by a sulfur 
component purge means (S purge control) 
alternately or in every cylinder (S14-S24). 
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i^TSUiftfi: LTi*#i-4 2«i!lM*#gi, 
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[3§9J^fMffl£tfc9!] 

[0 0 0 1 ] 

H£«9, BL<li, "R*l!NOx»«|t«r«x.fettl*9i» 
*tfflF«3*»*HUiJv»-c, N O xttft £ #«-f 4 J£ 

fi:Ht4. 20 
10 0 0 2] 

-n±mm§. \z& \- » -c«m * hhshs i*j k "Stat ^rig 
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it («*.ur* 124) a±«»B';->ffi*jtuiw»L, 
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[0 0 0 3] -loo «fc -) U£#*tfc£ 'J - 

Jtti-st, tse*o=56M«T(i-e-o»ft!RFtt*»t>No 50 

"9, SfiT*(i. K^iifiJ^H^lciJV^TtNOx^^t 
T- § h iggS N O xAft&4*BflH * fi^mit Jjitv>5. 

«/»T^**^4'<^N0xSriSKi£X-NO3 t LTKIk, 

WRiUNOxico (-ffiftft*) (*x 

i&X- C 03 i>*£.l$.Zti2>) ZGLtzmmt LT«fiS:§ 

I4\ »^NOx«*ONOxiRK** f «S!Bli-*iltrUSaBS 40 
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[0 0 0 4] i:%-e, jSPMuziiS (t*7r) S» 
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SO«t LTNOx<Oft'to'»)U«afflNOx«Ji»C»KS' 50 
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*l* 0 iRaaiNOx«*i»-tt, mutt ami 
iwmm&tfferF Ltz&Tt&mx.) wot««-sc 

L J>>j5-^ £ ti-f , ill N O xls*» t-^S-t * ^Kia<7) 
fi(4B#p H ii t t(ciairai-4 0 c<o± -jtc^Kiawfi^ii 
SDi-4 t , %1IN 0xM«K<9iR%£A4t|$ffi| tHC 
ftTU >RftSNOxM^2: LT^ttlSljJ'JSjfc-i-* £ t 

[0 0 0 5] L*>L£>&*<b, COJ:-5»ciRKStLfcSO 
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£-frftl!«^igi£ttS(C-r4^i75 ? 1fra¥7-2 17 4 7 
[0 0 0 6] 

[f&W^^LJ:-? t-r^ISS] ±IE^U 

[0 0 0 7] -?-^T% «frtP»*Hai*3««MTIi, CTx. 
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m ? *sp$taaE ^^^T^^sNOx^^^SDSii-^c 
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M-fZ iii: LTIR^t-*-* K 1 0 n—sntf-Zixff 
Si:ii^Dv Mt-#1 1 a^SEStLTiJf), fgxa •/ h 
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^?r«H&-t^ 0 BHI^tiiU, B^"7-*-^K 

1 2\zi$m%m (ffl%.mm 1 4* ? «^§^T^i9, - 

«SCf 1 4 C(ii>v> l (ragL/c/hS^a^Hx 
W2 05 lKSPSliSKt««*1t 30^jrU^77- 

(H^*-f) tmaZtiX^i. tti, S^*14(CI4 
S^i&JS*^dUi-*JSia-t>+l 6* J K(t<btLTv^„ 

[0 0 17] $ftgHbflfettigft 3 014, fllNOx® 
*30a t=5c»*3 0 bt<0 2^MtIxtfS 
$ tLTfc I) , H7C®!« 3 0b Oj«MN OxMM 3 
0 a J: *) fcTStfflHCEW:*Krv»-5. KllNOxMi 
3 0 a (4, Kftf?B*;Ui3v>TN0x£-.Hi&l!£-ti\ 

N2 (8%) ^(-it7C?^^.®Bg^#OtC0T-*^ 0 if 
L<(4, %KMNOxSl!<«3 0 a (4, *&JRt LTfii 
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^tLTiJi), VmMt Ltli^'U (Ba) ^ot;p 

[0 0 18] t/c, %KlNOx«!i3 0 atExS*,! 

3 0 b i:<DmiCliNOx»K*ttai-*-4NOx-fc>-9-3 2 
^(fb^LTv^o $"5>(:, Aflb^^^, tem^S (R 
OM, RAM, /PlfHttRAM^) , ^^SHE (C 
PU) , HvA^mfi/cECU (m?-^>h 
D-;i/i-yH 4 0 75 ? U#$itTi5l9, I<DE CU 4 
01:413, 1 Z^ftttmAlz&zimfomMW. 
foM&WOm.&&%fflVH> t ftt>tlZ>o E C U 4 0 <OXtS 
ffl(C(4, ±i£L7tiSja-t 6 -?NOx-t>t3 2* 

[0 0 19] — ^ ECU 4 0<7)ai^fl!l(C(4, ^jAc^-f 

(4, #a-t > h ofemmm izm-3 # »dc $ ft*** 

wtnz i 0 , ^#pRit# 6 & b&]EM<7>mmmjEZ: 9 

4 *>rx&&2h, £x-?7r4iz x~>xmiE<e 94 
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[0 0 2 0] HIRUJi, ECU 4 Otli, xn-y h ;u-fc 

-t>-9-l 3^«bO-i->v>|Hl|EiiSffiilNei:(:^o'^ 

v >HflfUitI&1-* BP*> BH^^- 

^lffiPe^^.fc^tcSfLT&^K ?<bt-, SttStK 
¥*S3*5»EE Petx>v> HlftSKflttllNe k UId ttv 
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IraffiSNek Kt± 

Kk Sit, '«5fl-<±fftt^Tffei«i*$ 
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[0 0 2 1 ] fit, l«sp*Sj*j»BEPeti>v*>B 

tei&SNe tfrh mm s«t 44 sm^mit (i«a/ 
f) a^jesfu ±ffiaiE*w«sfl-i«*r*jitEi«A/ 

FU*-^v>r*5cS*L4o ±IB*a-t>-9-l 6Ui Oft 
ffi £ *. Ji8WlifiS1t«* ^ T cat ***Je £ ft 

4 0 »L<t±, »a-fc>-»M 6rflINOx»»3 0 
a t:«[«K*T £ 4v>^ k IcfeE Lt«4t4R«tl 

«*tt£$fLr«>) % ftUtttttaKTcatll, g 
Peti>v V HfKj&Klf $&Ne k i 4 

[0 0 2 2] JiTF, iOJ:dU««3*Lfc:*:$|?IJtC«4 

"8HESNOxftlUW3 0 a Kit. _k& Lfc J: ■? K S OxfcqR 
«$tLTLt o cr>X'$>Zft\ ^d-Cli, if S0x?r^ 

*£$iJi» 'arfr d ISKOHHtpA'— y<Dyu-?-M-Y tfTF £ 

[0 0 2 3] 5fe1"*> Xf-^Sl 0T-li, NOxffl&tf 
S (t*7 7) #fkLfc*'5j&\ EP*>«tfKffiNOxj)MK 
3 0 aKRjfcSfLfcSOxO* (S*SiQs) *«Bfjgi 
UitL^3J>5*^flglJ1-4o fe#S*Qs(±it 
Jet- J: •9**'b*t4^T-*4o JiTF, &#SfiQs«9#i 

(*ffi*ffi) tcov^rfsr#icm^-f^ 0 «#St 

Q sit , C It* Q f IC W3 % |£5e $ ti 

[0 0 2 4 ] Qs=Qs(n-1) + AQf • K-Rs -(1) 
::i:> Qs(n-1)Jitt*S*<0*H«-C*> *) , AQfti 

^mm^tzi) (omnmmmnM, k(±«je#^ r s 

li*ff®ll!afc*»«)W^S*Sr*LTV»* 0 -oi*), m 
AQf^«E^KT-«IELrm»-r4k k ti:, 
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T-*<6<bit4 0 
[ 0 0 2 5] MIE«»Ktt, taRli\ ^(2)(C^i-«t 

ot-> mmttA/Fiz&ctzs&m&&Ku mm*o 

S U tz Ste#fc»K2XtfMiai&KTcat KId 

4 0 

K=K1 • K2 • K3 -(2) 

i , mmm m tz *) <om£. s s r si±^ o> <b at* 

£ft4o 

70 [0 0 2 6] Rs=o • R1 • R2-dT —(3) 

a ammm^tz*) <ow±m (ssjtffi) 

•9> RlSt>'R2(±-?-tt'rflfel!^STcattllDi:^:S : 4. 

fit, Xry-rS 1 0 OttSUtiNKjFft (N 
o) -e, ±Seo«t^ ULT**/c^SSQs* s *^iff 
5E*(^LTv^\,»tfiJjg#tL4*-§-tcti, Wt-^-f ^ 
|g;u-^>^ftlt4o 
[0 0 2 7] -77. ^f^'Sl 0 <75*IJg0fe**** (Y 
20 e s) T\ teSSfiQs^BfJeSt-^L^:k#IJjE$^4 
J»-&tC(is -W:7,T7 7'S 1 2 Kit*., «IW^E-KS:S 
/N'-v'^e- Kt?«I»Hfex4. iiLUJ: iJKIINOxfil 
«3 0 alZWM2tltzS0x<Dffi£:, IP*> S-'"?— v f **BI 

i5^r, ±fae^l*;*aEPe^5effiPe1 
>tHll5iISNelc*t-t4-vy V) «t t) <»/|nSv»*»5*»S: 

•7*Kgo'#, ^>v*>llteajSNek<7)S|^tciJv»T, 

§ p eWftMAnmmftiz 4 « 

30 glJ-T4 0 

[0 0 2 8] -y 7*S 1 4 <7)#lJ5J!l^***K (Yes) 
X\ gH^*^JEPe^5tttPe1 (^>v>@|5iS 
SNet-*t-t4-7-y ■/) i »)/hSv»J: o 4*^, EP*>T 
Y K 'J > ^Wf^ tea*ff «po J: -5 cx > ->* > Jtffif, x. > 
v>@teiS«3&*'J>£v>»£-t::li, ifel^f^ys 1 6 tz 

±^«0ii#<o!S5tt^fee>-fESI : [f^Ii!»JW^- Kki"4 

^6)EPe. x.> v>@gjfJgNe**l213 *<OAffl«tC*4 
k#(C(i, E^fiRtMk^SR^Pt^k-C^SRtlt^ 
o idU"t4o 
[0 0 2 9] fLT, §SA/F> OS t)^PS#tiiljPt 
Wtt^MfcMt LT«0§tSA/F, fiP*>^#A/ 

f itsfsto y ( s /< - v tc® l fcia-c* o 

T, fllxti\ §12) UK5cStt4 k k =b EI3<7)± 
50 >v>H<E*gENe»=J6i:r±*j*OB«^i»il: (>-f 
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>A/F) ***J6$tL4 0 Z<Dts, £fcA/Fli±IE 
m&O y (MJU£, 112) Iz&WZtitzi 

ijf'f >A/F**K5feSfL*i4:(C4:4o 

4 0 

[0 0 3 0] »#, l*¥^#3&EPe*v>(ii>v> 
meagNe^'J^ttftlf, ®.mSNOxfi*li3 0 a»S 
S, Ept,®«iaSTcat(ifg:<igl^aNOx^j«3 0 a <0 70 

I"*-*, ^#A/F«rJtJ60jP<»f5e 

•C*SOTli6££*&.tt:Uli±Rfl[ 122) 

4„ oft), RStffeKfc^TliiSKJtlStt 

122) J: V*£^M&X'tetem s m.3.L*^<OX*$> 

4o 

[0 0 3 1 ] tot, *<( >A/F**±R« (0!lx.lf> 
122) J: < ft* <fc d SfgLhlSli 20 

(fflx-lf. It 2 2) X «3 t^^ft^Jt-cB^ffijti- 

K12NOxgt«3 0 a<7>i&«, iP*>tt*iaKTcat(±ev» 
U^tCt#fl?>o ISoT. -T >A/F(i, §ffi 
¥^*SSBE PeSfcvMf^c. > v > ll*£ii£ Ne^/h $ v > (3 £ 

* om* s 7c § < , a o v - > ^mitm<o^mit t * * * 

oU^tLTV^o of ^^takTcat^fii/MSfiP* 
ttfiri^ft < wmM-M&g- < ft 4 J: dKStt-r </>•&<> 
[0 0 3 2] fit, #tc, ^<OJ;TtC±Pt^JEi5^f 50 

Kit 5 o iwjli) Kf -cfhffit-t 2> z. ta ? -c#, ± 
«fr**#H-*J:7U-c#*£i:u&.s>. erne: J: 9, 

o*«*»jS3m i sis«is ! i 4 rtustta $ tix&mwmif 

&<KTlzm%M 1 4|*)^^(±qS«MNOx^3 0 a 1*1 
■ca*»=«*-t* i t Kft >9 , HilKTatmT 
iotfefllNOxWS 0 a liS^-v*?T*6*Bf3S 
O^iSTcatl (tfljxlf, 6 5 0"C) f -Cffijgicangi £ ft 40 
4-ItKft4 0 SeoT, Wx.lffiajfelT^OJ:-9»Ci> 
v > , x. > v > HHEaS*»/jN S < IRIIN Oxtttt 
3 0a «*ea4KM(C * 4 i d &4frft"C« oTi, ±**t 
OfflKJt«:jB»J->S*8Jk (tfllxtf, ±Hl5 0i-C<O 

t ft < ^Siatc*#i--&5JnB*«:*S*!)T# < 

■fZZttfX-^, «INOxft«3 0 a ?r±IfiS^'- 
y'TTttfcdfSgOrtaiTcatl U i T-.ftiStCiD^-t* C t d* 

[0 0 3 3] ^Xf; 7"S18 T*(i, Xf-; 7'S 1 6 50 
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A (No) T'*/i^B#K t2* t «aLTv»*v»tflje 
Bf^H t2**««1-4*-e2ai«*f 
„ flSUft**** (Yes) -C'BFf5cB#H 

t 2d^iS L i: Sft7t <b, ^;xf ';7*S2 0i: 
iitfo 

[0 0 3 4] Xf-;7 - S20 T*li, K£ n 5 

awe**]-*- Kt LT2«i!Mt*fT*>-rK'; 
JtiHE***-*-* ( y -y T&mitmm^&L) o :«i 

6\ §«A/FJ±±E&fl:A/FtH«|»c»f5eo'J yf 
££Ut (08x.tf> 112) KK:Je3fi4o Z<D£7\Z') 

mmiT-^BMtmz -tztiz**), co 

iUStiZo oft), if) y*2^aJt«(EO*jfc»-J:o 
T, S 0x«:jt7cBfe*U£.S4C0**#*t«aaN0x 
M«t 3 0 al:M?Wlti:it), S v'a^Eit S 

[0 0 3 5] -J-LT, 7 7*S2 2tli, Xf7 7*S 
2 0 joV^T 'J y ^&mit&&&El1£21XXfrbm%.'ft 
®t3 (0Sx.(f, 2 sec) *»gjaLfc*>S*»SriHg(li-*o 
W80tt***» (No) T*fc*0fje^Ht3**«iSLrv» 

ftv»tfijjg$4x7t^tzii, m^nm 1 3#i«t*i 

(Yes) T-p^SB#^ t 3t5^® L t «5e £ <b , 

^(C^x v 7'S 2 4 iZMtfo 
[0 0 3 6] ±MXT-y 7'S 1 4 OflgiJ 

(No) T*, i«¥J*»*«mPe**9rJg«[Pel (^.>v 

> H ^iS* NeK *H" 4 -7 * 7") W± i: *J Jt £ *t « 

iitr 0 Xf7 7S2 6T-li, iHtt^^ftBt*!-^- K5r 

ttti:, »3Wfeicii^:CBiJijttt*fT0 <t d tc-t4 c 
BP*,, -x i> •>* >IIHE*a3i*Jt«W** 
<^ I^¥^*^JEPe, i>y>IStejSSNe**iI3 «p 

[0 0 3 7] f LT, ±EB»tc, ^#A/F* J B»f^<0 
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f 12) «c«j*Ufciit±*»Oi«S«SJt (>^> 
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Bf5EOji5iaTcat1 (fU^lf, 6 5 0"C) *-CS«U#ffl 

ft < 1-4 -2k "^#A/F^Bf5E<0'J yf-ffl»JttC«J» 



9 

(«x.lf, "(12 2) oil), BE^lTgtcisv^T 

li±E«5»-t-i:(ii8(;SRTRtt (0!lx.tt\ f 22) tX 

[0 0 3 8] ffioT, ±*W02gjRJfc**TIH«[ (ffilx 
tf, 112 2) JilT ti'Si o o~(;".tt, iRTRt 
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tin**}* (5ssr>) o^ti-r^o^ptttit^^ait- 

feeStl, +J^rl$Ufcv»TiftKfflNOxtt«3 0 a 
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(54) CYLINDER INJECTION TYPE INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cylinder injection type 
internal combustion engine with an occlusion type NOx catalyst, 
in which the occlusion type NOx catalyst is early brought in a 
high temperature state so that occluded SOx can be certainly 
purged at any time without degradation of fuel consumption. 
SOLUTION: This cylinder injection type internal combustion 
engine has two-stage injection steps (S16, S26) and rich air- 
fuel ratio operation steps (S20, S30). In the two-stage injection 
steps (S16, S26), a part of fuel is injected as a main injection in 
either contpression stroke or intake stroke, while the residual 
part of the fuel is injected as an auxiliary injection in an 
expansion stroke. In the rich air-fuel ratio operation steps (S20, 
S30), the fuel is injected in the intake stroke such that an air- 
fuel ratio becomes a rich air-fuel ratio. When a sulfur 
component (an S component) must be removed (S10) t the two- 
stage injection steps (S16, S26) and the rich air-fuel ratio 
operation steps (S20, S30) are executed by a sulfur component 
purge means (S purge control) alternately or in every cylinder 
(S14-S24). 
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* NOTICES * 



JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The occlusion mold NOx catalyst which returns said NOx which carried out occlusion when it is 
prepared in a flueway, occlusion of NOx under exhaust air is carried out when an internal combustion 
engine is in the Lean air- fuel ratio operational status, and it is in theoretical-air-fuel-ratio operation or rich 
air-fuel ratio operational status, While injecting some fuels as main injection in either like a compression 
stroke and an inhalation-of-air line A two-step injection means to set the remainder like an expansion line 
and to inject as subinjection, and a rich air-fuel ratio operation means to inject a fuel so that it may set like 
an inhalation-of-air line and an air-fuel ratio may turn into a rich air-fuel ratio, The injection mold internal 
combustion engine in a cylinder characterized by having a sulfur component removal means to carry out 
said two-step injection means and said rich air-ftiel ratio operation means for every alternation or gas 
column when removing a sulfur component from said occlusion mold NOx catalyst. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the injection mold internal combustion engine in a cylinder, 
and relates to the technique which carries out the temperature up of the occlusion mold NOx catalyst in 
detail in the injection mold internal combustion engine in a cylinder having an occlusion mold NOx catalyst. 

[0002] 

[A related background technique] The injection mold internal combustion engine in a cylinder does not 
come to accept it in an inhalation-of-air line, but the fuel is constituted possible [ injection ] in the direct 
cylinder in the compression stroke, and thereby, he controls an air-fuel ratio rather than theoretical air fuel 
ratio (value 14.7) to the super-RIN air- fuel ratio beyond the desired value (for example, value 24) by the 
side of super-rarefaction, i.e., Lean, and is made possible [ improving an engine fuel consumption property 
etc. ]. 

[0003] However, if an air-fuel ratio is made into the Lean air-fuel ratio in this way, with the conventional 
three way component catalyst, there is a problem that NOx (nitrogen oxides) cannot fully be purified from 
the purification property, and, recently, the occlusion mold NOx catalyst which can purify NOx also in a 
hyperoxia ambient atmosphere is developed and put in practical use. The occlusion mold NOx catalyst is 
constituted as a catalyst with the property (carbonate X-C03 is generated by coincidence) of making NOx 
which considered as nitrate X-N03, carried out occlusion of NOx in exhaust gas, and carried out this 
occlusion in the hyperoxia condition (oxidizing atmosphere) returning to N2 (nitrogen) in the overCO 
(carbon monoxide) condition (reducing atmosphere). Before the amount of NOx occlusion of an occlusion 
mold NOx catalyst is saturated, he carries out purification reduction (NOx purge) of NOx which generated a 
change (this is called rich spike) and reducing atmosphere with much CO, and carried out occlusion, and is 
trying to aim at playback of an occlusion mold NOx catalyst by this periodically to rich air- fuel ratio 
operation like an inhalation-of-air line which controls an air- fuel ratio to theoretical air fuel ratio or its near 
value, for example, if it says about the injection mold internal combustion engine in a cylinder. 
[0004] By the way, S (sulfas) component (sulfur component) is contained in the fuel, this S component 
reacts with oxygen, and serves as SOx (sulfur oxide), and occlusion of this SOx is carried out to an 
occlusion mold NOx catalyst instead of NOx as sulfate X-S04. That is, occlusion of a nitrate and the sulfate 
will be carried out to an occlusion mold NOx catalyst. However, even if the constancy of a sulfate as a salt 
is higher than a nitrate and an air- fuel ratio will be in a rich condition (reducing atmosphere to which the 
oxygen density fell), only the part is decomposed, but the amount of the sulfate which remains for an 
occlusion mold NOx catalyst increases with time amount. Thus, if the amount of a sulfate increases, it is not 
the occlusion capacity of an occlusion mold NOx catalyst will decline with time amount, and the engine 
performance as an occlusion mold NOx catalyst will get worse, and desirable (S poisoning). 
[0005] However, while SOx by which occlusion was carried out in this way changes an air-fuel ratio into a 
rich condition and generating overCO condition (reducing atmosphere), it turns out that it is removed by 
changing a catalyst into an elevated-temperature condition (S purge), and the technique which is made to 
carry out an exhaust air temperature up by the retard of ignition timing, and changes a catalyst into an 
elevated-temperature condition under reducing atmosphere is indicated by JP,7-217474,A etc. 
[0006] 

[Problem(s) to be Solved by the Invention] However, its temperature up effectiveness is small, and if the 
amount of retard is enlarged that a temperature up should be carried out greatly, a possibility of leading to 
twist DORABIRI aggravation is in combustion aggravation, and it is not a desirable thing, while it becomes 
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the factor which worsens fuel consumption, since the approach of carrying out the retard of the ignition 
timing and carrying out the temperature up of whenever [ catalyst temperature ] so that it may be indicated 
by the above-mentioned official report makes combustion slow. 

[0007] Then, while setting the whole air- fuel ratio which is a target air-fuel ratio as a predetermined rich air- 
fuel ratio (for example, value 12) in the injection mold internal combustion engine in a cylinder, for example 
Fuel injection is divided into two-step injection with the injection (main injection) which can be set like an 
inhalation-of-air line, and the injection (subinjection) which can be set like an expansion line. It considers 
making the fuel (HC) supplied by the subinjection concerned discharge with an unburnt condition, making 
combustion by this occur within a flueway or an occlusion mold NOx catalyst, raising an exhaust-gas 
temperature, and heating an occlusion mold NOx catalyst. 

[0008] However, although CO is generated by making a whole air-fuel ratio into a predetermined rich air- 
fuel ratio when performing two-step injection in the injection mold internal combustion engine in a cylinder, 
there are few amounts of CO generation than the usual rich operation, therefore the amounts of generation of 
CO run short depending on operational status, and S purge may fully be unable to be carried out. The place 
which it was made in order that this invention might solve such a trouble, and is made into the purpose is in 
the injection mold internal combustion engine in a cylinder having an occlusion mold NOx catalyst to make 
an occlusion mold NOx catalyst into an elevated-temperature condition at an early stage, and offer the 
injection mold internal combustion engine in a cylinder which can always remove certainly without 
aggravation [ SOx / by which occlusion was carried out ] of fuel consumption. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in invention of claim 1 In 
the injection mold internal combustion engine in a cylinder, while injecting some fuels as main injection in 
either like a compression stroke and an inhalation-of-air line It has a two-step injection means to set the 
remainder like an expansion line and to inject as subinjection, and a rich air-fuel ratio operation means to 
inject a fuel so that it may set like an inhalation-of-air line and an air-fuel ratio may turn into a rich air-fuel 
ratio, the case where a sulfur component is removed from an occlusion mold NOx catalyst — these two-step 
injection means and a rich air- fuel ratio operation means — alternation — or it is constituted so that it may be 
made to carry out for every gas column. 

[0010] For this reason, if a two-step injection means is carried out, an unburnt fuel component 
(combustibles, such as unburnt [ HC ]) will be discharged so much by subinjection. If this unburnt fuel 
component burns within a flueway or an occlusion mold NOx catalyst, an occlusion mold NOx catalyst 
heats good, and is made to carry out a temperature up and a rich air- fuel ratio operation means is carried out 
on the other hand CO occurs so much by incomplete combustion, and the sulfur component in which 
occlusion was carried out to the occlusion mold NOx catalyst by this CO, i.e., SOx, is made to remove good. 
That is, in this invention, the temperature up of these occlusion mold NOx catalyst required for removal of a 
sulfur component and generation of CO are reconciled, by this, while an occlusion mold NOx catalyst 
carries out a temperature up certainly efficiently, CO will fully be supplied and S purge will be carried out 
certainly. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on an 
accompanying drawing. First, an example 1 is explained. If drawing 1 is referred to, the outline block 
diagram of the injection mold internal combustion engine in a cylinder concerning this invention carried in 
the car will be shown, and the configuration of the injection mold internal combustion engine in a cylinder 
applied to this invention based on this drawing below will be explained. 

[0012] Let the engine body (only henceforth an engine) 1 be the injection mold jump-spark-ignition type 
serial 4-cylinder gasoline engine in a cylinder which can carry out fuel injection (injection mode like an 
inhalation-of-air line) like an inhalation-of-air line, or fuel injection (compression stroke injection mode) in 
a compression stroke by switching for example, fuel-injection mode (operation mode). And this injection 
type in a cylinder of engine 1 is made easy, implementation of operation by theoretical air fuel ratio 
(SUTOIKIO) or operation (the Lean air-fUel ratio operation) with the Lean air- fuel ratio besides operation 
(rich air- fuel ratio operation) with a rich air-fuel ratio is enabled, and operation of it with a super-RIN air- 
fuel ratio is especially enabled in compression stroke injection mode. 

[0013] As shown in this drawing, the electromagnetic fUel injection valve 6 is attached in the cylinder head 
2 of an engine 1 with the ignition plug 4 for every gas column, and, thereby, direct injection of a fuel is 
enabled in the combustion chamber 8. The fuel supply system (not shown [ both ]) which had the fuel tank 
through the fuel pipe is connected to the fuel injection valve 6. In more detail, the low voltage fuel pump 
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and the high-pressure fuel pump are formed in the fuel supply system, thereby, the fuel in a fuel tank is 
supplied by low fuel pressure or high fuel pressure to a fuel injection valve 6, this fuel is turned to a 
combustion chamber from a fuel injection valve 6, and injection is made possible by desired fuel pressure. 
Under the present circumstances, fuel oil consumption is determined from the valve-opening time amount of 
the fuel discharge pressure of a high-pressure fuel pump, and a fuel injection valve 6, i.e., fuel injection 
duration. 

[0014] The suction port is formed in the abbreviation erection direction for every gas column, and as open 
for free passage [ with each suction port ] to the cylinder head 2, the end of an inlet manifold 10 is 
connected to it, respectively. And the throttle valve 1 1 is connected to the other end of an inlet manifold 1 0, 
and throttle sensor 1 la which detects throttle opening thetath is prepared in this throttle valve 11. 
[0015] Moreover, the exhaust air port is formed in the abbreviation horizontal direction for every gas 
column, and as open for free passage [ with each exhaust air port ] to the cylinder head 2, the end of an 
exhaust manifold 12 is connected to it, respectively. In addition, the sign 13 in drawing is a crank angle 
sensor which detects a crank angle, and is made possible [ detection of an engine speed Ne ] for this crank 
angle sensor 13. 

[0016] In addition, the injection type in a cylinder concerned of engine 1 is well-known, and already omits 
explanation about the detail of the configuration here. As shown in this drawing, the exhaust pipe (flueway) 
14 is connected to the exhaust manifold 12, and the muffler (not shown) is connected to this exhaust pipe 14 
through the small contiguity three way component catalyst 20 and the exhaust air purification catalyst 
equipment 30 close to an engine 1. Moreover, the elevated-temperature sensor 16 which detects an exhaust- 
gas temperature is formed in the exhaust pipe 14. 

[0017] Exhaust air purification catalyst equipment 30 is equipped with two catalysts of occlusion mold NOx 
catalyst 30a and three way component catalyst 30b, and is constituted, and the three way component catalyst 
30b is arranged in the downstream rather than occlusion mold NOx catalyst 30a. Occlusion mold NOx 
catalyst 30a once carries out occlusion of NOx in an oxidizing atmosphere, and has the function to which 
N2 (nitrogen) etc. is made to return NOx into the reducing atmosphere in which CO mainly exists. In detail, 
occlusion mold NOx catalyst 30a is constituted as a catalyst with platinum (Pt), a rhodium (Rh), etc. as 
noble metals, and alkali metal, such as barium (Ba), and alkaline earth metal are adopted as occlusion 
material. 

[0018] Moreover, between occlusion mold NOx catalyst 30a and three way component catalyst 30b, the 
NOx sensor 32 which detects NOx concentration is formed. Furthermore, ECU (electronic control unit)40 
equipped with an I/O device, storage (ROM, RAM, nonvolatile RAM, etc.), the central processing unit 
(CPU), the timer counter, etc. is installed, and synthetic control of the injection mold internal combustion 
engine in a cylinder applied to this invention including an engine 1 by this ECU40 is performed. The various 
sensors of the elevated-temperature sensor 16 or NOx sensor 32 grade mentioned above are connected to the 
input side of ECU40, and the detection information from these sensors inputs. 

[0019] On the other hand, the ignition plug 4 and fuel injection valve 6 grade which were mentioned above 
through the ignition coil are connected to the output side of ECU40, and optimum values calculated based 
on the detection information from various sensors, such as fuel oil consumption and ignition timing, are 
outputted to these ignition coils and fuel injection valve 6 grade, respectively. A proper quantity of a fuel is 
injected from a fuel injection valve 6 to proper timing by this, and ignition is carried out to proper timing 
with an ignition plug 4. 

[0020] In fact, in ECU40, based on throttle opening information thetath from throttle sensor 11a, and the 
engine- speed information Ne from the crank angle sensor 13, it enables it to ask for the target cylinder 
internal pressure Pe corresponding to an engine load, i.e., a target mean effective pressure, and fuel-injection 
mode is further set up from a map (not shown) according to the target mean effective pressure Pe and the 
engine-speed information Ne concerned. For example, when both the target mean effective pressure Pe and 
the engine speed Ne are small, if fuel-injection mode is made into compression stroke injection mode, a fuel 
is injected by the compression stroke, and the target mean effective pressure Pe becomes large on the other 
hand or an engine speed Ne becomes large, fuel-injection mode will be made into injection mode like an 
inhalation-of-air line, and a fuel will be injected like an inhalation-of-air line. 

[0021] And the target air- fuel ratio (target A/F) which serves as control objectives from the target mean 
effective pressure Pe and an engine speed Ne is set up, and the fuel oil consumption of the proper amount of 
above is determined based on this target A/F. From the exhaust-gas-temperature information detected by the 
above-mentioned elevated-temperature sensor 16, Teat is presumed whenever [ catalyst temperature ]. 
According to the target mean effective pressure Pe and the engine-speed information Ne, the temperature- 
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gradient map (not shown) is beforehand set up by experiment etc., therefore if the target mean effective 
pressure Pe and the engine-speed information Ne are decided, he is trying to be presumed by Teat whenever 
[ catalyst temperature ] at a reason, in order to amend the error which originates in the ability of the direct 
installation of the elevated-temperature sensor 16 not to be carried out at occlusion mold NOx catalyst 30a 
in detail, and is generated. 

[0022] An operation of the injection mold internal combustion engine in a cylinder hereafter applied to this 
invention constituted in this way is explained. That is, although occlusion also of the SOx will be carried out 
to occlusion mold NOx catalyst 30a as mentioned above, the control procedure of the control which 
removes the SOx concerned, i.e., S purge control, (sulfur component removal means) is explained here. If 
drawing 2 is referred to, the flow chart of the control routine at the time of performing exhaust air 
temperature up control will be shown, and it will explain along with the flow chart concerned below. 
[0023] First, at step S10, it distinguishes whether the amount (the amount Qs of poisoning S) of SOx by 
which occlusion was carried out to whether the NOx catalyst did S (sulfas) degradation of and occlusion 
mold NOx catalyst 30a reached the specified quantity. It is the value with which the amount Qs of poisoning 
S is calculated here by presumption. Hereafter, the presumed technique (the detection approach) of the 
amount Qs of poisoning S is explained briefly. The amount Qs of poisoning S is fundamentally set up based 
on the amount Qf of fuel-injection addition, and is calculated by the degree type for every execution cycle of 
a fuel-injection control routine (not shown). 

[0024] Qs=Qs(n-l)+deltaQf-K-Rs - (1) Qs (n-1) is the last value of the amount of poisoning S, in deltaQf, 
the amount of fuel-injection addition per execution cycle and K show a correction factor, and Rs shows the 
amount of playback S per execution cycle here. That is, the present amount Qs of poisoning S is calculated 
by subtracting the amount Rs of playback S per execution cycle from this addition value while it amends 
and integrates amount of fuel-injection addition deltaQf per execution cycle with a correction factor K. 
[0025] The correction factor K consists of a product of three correction factors of S poisoning multiplier K3 
according to Teat whenever [ S poisoning multiplier / according to air- fuel ratio A/F / Kl, S poisoning 
multiplier / according to S content in a fuel / K2, and catalyst temperature ], as shown in a degree type (2). 
K=K1, K2, and K3 — (2) — the amount Rs of playback S per execution cycle is calculated from a degree 
type (3) again. 

[0026] Rs=alpha-R 1 , R2, dT — (3) alpha is a regeneration rate per unit time amount (set point), dT shows 
the execution cycle of a fuel-injection control routine here, and Rl and R2 show the ability- to-regenerate 
multiplier according to Teat, and the ability-to-regenerate multiplier according to air- fuel ratio A/F to it 
whenever [ catalyst temperature ], respectively. And when the distinction result of step S10 is judged as the 
amount Qs of poisoning S calculated as mentioned above in the false (No) having not yet reached the 
specified quantity, nothing is done but it escapes from the routine concerned. 

[0027] On the other hand, when the distinction result of step S10 is judged as the amount Qs of poisoning S 
having reached the specified quantity by truth (Yes), next it progresses to step SI 2, and the control mode is 
switched to S purge mode. The removal of SOx by which occlusion was carried out by this to occlusion 
mold NOx catalyst 30a, i.e., S purge, is started. If S purge is started, in step SI 4, it will distinguish whether 
the above-mentioned target mean effective pressure Pe is smaller than the predetermined value Pel (map to 
an engine speed Ne). In detail, based on the main-injection mode selection map shown in drawing 3 , it 
distinguishes whether the target mean effective pressure Pe is within the limits of Field A in relation with an 
engine speed Ne. 

[0028] By truth (Yes), when the distinction result of step S14 has the target mean effective pressure Pe 
smaller than the predetermined value Pel (map to an engine speed Ne), when an engine load and an engine 
speed are small, it progresses to step SI 6 next like [ at the time of an idling and low-speed transit ]. At step 
SI 6, while considering as compression stroke injection mode irrespective of the usual setup above- 
mentioned [ the fuel-injection mode of the main injection ], it sets like an expansion line (especially the 
middle of an expansion stroke, or it or subsequent ones), and is made to perform subinjection (two-step 
injection means). That is, as mentioned above, in case S purge is performed, it is made to perform two-step 
injection, but when the target mean effective pressure Pe and an engine speed Ne are in the area A in 
drawing 3 , compression stroke injection and an expansion line are made to perform two-step injection by 
injection. 

[0029] And while target A/F, i.e., target A/F as the whole which doubled the main injection and 
subinjection, i.e., whole A/F, is set as a predetermined rich air-fuel ratio (it is a value suitable for S purge, 
for example, is a value 12), based on the main-injection mode selection map of drawing 3 , the target air- fuel 
ratio (Maine A/F) of the main injection is determined according to the target mean effective pressure Pe and 
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an engine speed Ne. At this time, while whole A/F had been held at the above-mentioned predetermined rich 
air- fuel ratio (for example, value 12), Maine A/F will be set up. That is, the whole fuel oil consumption is 
maintained uniformly and each fuel-injection ratio of the amount of main injection (part) and the 
subinjection quantity (remainder) is determined with the condition that reducing atmosphere was formed 
good, proper. 

[0030] Usually, if the target mean effective pressure Pe or an engine speed Ne is small, it can be judged that 
Teat is low and the temperature up of occlusion mold NOx catalyst 30a is not easy whenever [ temperature / 
of occlusion mold NOx catalyst 30a /, i.e., catalyst temperature, ]. Therefore, in this case, while making 
[ many ] the subinjection quantity, it is good to be made to lessen the amount of main injection as much as 
possible, holding whole A/F to a predetermined rich air-fuel ratio like ****. However, there is a upper limit 
(for example, value 22) in the air-fuel ratio which can realize an inhalation-of-air line in injection mode. 
That is, it sets like an inhalation-of-air line, and combustion is not materialized in a larger air- fuel ratio than 
the upper limit (for example, value 22) concerned. 

[003 1] Therefore, when Maine A/F becomes larger than a upper limit (for example, value 22), in the 
compression stroke in which combustion is materialized, it is made to carry out the main injection with a 
bigger air-fuel ratio than the upper limit (for example, value 22) concerned. By the way, it can be considered 
that Teat is low whenever [ temperature / of occlusion mold NOx catalyst 30a /, i.e., catalyst temperature, ], 
so that an engine load and an engine speed are small. Therefore, the value of Maine A/F is so large that the 
target mean effective pressure Pe or an engine speed Ne is small, and he is trying to serve as an air-fuel ratio 
by the side of the Lean air-fuel ratio more. That is, there are few amounts of main injection and he is trying 
for the subinjection quantity to increase, so that Teat is [ whenever / catalyst temperature ] low. 
[0032] And while an air-fuel ratio can be diluted even to a super-RIN air-fuel ratio (for example, range to a 
upper limit 50) as the main injection is compression stroke injection in this way, and lessening the amount 
of main injection extremely especially, a lot of fuels can be injected by subinjection. By this, when an 
engine load and an engine speed are small, a lot of unburnt fuel components will be discharged in an exhaust 
pipe 14, and it will burn powerfully under surplus oxygen existence within an exhaust pipe 14 or occlusion 
mold NOx catalyst 30a, and even if Teat is low temperature whenever [ catalyst temperature ], occlusion 
mold NOx catalyst 30a will be quickly heated to the predetermined elevated temperature Teat 1 (for 
example, 650 degrees C) in which S purge is possible. Even if it is a case as it follows, for example, an 
engine load and an engine speed are small and occlusion mold NOx catalyst 30a is in a low-temperature 
condition like [ at the time of low-speed transit ] It is made to make the air-fuel ratio of the main injection 
into a super-RIN air- fuel ratio (for example, range to a upper limit 50). Without affecting operation of an 
engine 1, the subinjection quantity which contributes to an exhaust air temperature up can be made [ many / 
very ], and it becomes possible to heat quickly to the predetermined elevated temperature Teat 1 which can 
S purge [ above-mentioned ] occlusion mold NOx catalyst 30a. 

[0033] At the following step SI 8, after two-step injection is started in step SI 6, it distinguishes whether 
predetermined time t2 (for example, 2sec) passed. When a distinction result is judged as predetermined time 
t2 having not yet passed in a false (No), two-step injection is continued until predetermined time t2 passes. 
On the other hand, if a distinction result is judged as predetermined time t2 having passed in truth (Yes), it 
will progress to step S20 next. 

[0034] Rich air-fuel ratio operation is carried out at step S20, without an inhalation-of-air line's making fuel- 
injection mode injection mode, and performing two-step injection (rich air-fuel ratio operation means). In 
this case, target A/F is set as a predetermined rich air- fuel ratio (for example, value 12) like whole above- 
mentioned A/F. Thus, if rich air-fuel ratio operation is performed, since it is in an overfuel condition, a fuel 
will cause incomplete combustion and CO will be discharged so much. That is, SOx will be supplied to CO 
required for reduction removal by occlusion mold NOx catalyst 30a so much, and S purge will be promoted 
by implementation of the rich air- fuel ratio operation concerned. 

[0035] And at step S22, after rich air-fuel ratio operation is started in step S20, it distinguishes whether 
predetermined time t3 (for example, 2sec) passed. When a distinction result is judged as predetermined time 
t3 having not yet passed in a false (No), rich air-fuel ratio operation is continued until predetermined time t3 
passes. On the other hand, if a distinction result is judged as predetermined time t3 having passed in truth 
(Y es), it will progress to step S24 next. 

[0036] On the other hand, in a false (No), when the target mean effective pressure Pe is judged to be more 
than predetermined value Pel (map to an engine speed Ne), the distinction result of the above-mentioned 
step SI 4 progresses to step S26 next like [ at the time of medium-speed transit ], when an engine load and an 
engine speed are comparatively large. At step S26, while making an inhalation-of-air line into injection 
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mode irrespective of the usual setup above-mentioned [ the fuel-injection mode of the main injection ], it 
sets like an expansion line and is made to perform subinjection. That is, an engine load and an engine speed 
are comparatively large, and when the target mean effective pressure Pe and an engine speed Ne are in the 
area B in drawing 3 , an inhalation-of-air line is made to perform two-step injection by injection injection 
and an expansion line. 

[0037] And like the above, while whole A/F is set as a predetermined rich air- fuel ratio (for example, value 
12), the target air-fuel ratio (Maine A/F) of the main injection is determined as it held whole this A/F to the 
above-mentioned predetermined rich air-fuel ratio (for example, value 12), and each fuel-injection ratio of 
the amount of main injection (part) and the subinjection quantity (remainder) is determined proper. Usually, 
if an engine load and an engine speed are comparatively large, occlusion mold NOx catalyst 30a is heated to 
some extent by even the elevated temperature, and can judge occlusion mold NOx catalyst 30a that a 
temperature up is possible easily to the predetermined elevated temperature Teat 1 (for example, 650 
degrees C) in which S purge is possible. Therefore, in this case, while lessening the subinjection quantity, it 
is good to be made to make [ many ] the amount of main injection that whole A/F should be held to a 
predetermined rich air-fuel ratio. However, there is a lower limit (for example, value 22) in an air-fuel ratio 
realizable in compression stroke injection mode. That is, in a compression stroke, combustion is not 
materialized contrary to the above-mentioned case in the air-fuel ratio below the lower limit (for example, 
value 22) concerned. 

[0038] Therefore, when the air- fuel ratio of the main injection becomes below a lower limit (for example, 
value 22), it sets like the inhalation-of-air line in which combustion is materialized in the air-fuel ratio below 
the lower limit (for example, value 22) concerned, and is made to carry out the main injection. With the 
condition that the whole fuel oil consumption was maintained uniformly too, and reducing atmosphere was 
formed good by this, each fuel -injection ratio of the amount of main injection (part) and the subinjection 
quantity (remainder) is determined proper, and is quickly heated to the predetermined elevated temperature 
Teat 1 (for example, 650 degrees C) which occlusion mold NOx catalyst 30a can S purge at the time of 
medium-speed transit. 

[0039] By the way, the car is carrying out high-speed transit and an engine speed Ne and the target mean 
effective pressure Pe are large. When the target mean effective pressure Pe and an engine speed Ne are in 
the C region in drawing 3 when Maine A/F consists of a lower limit 16 near SUTOIKIO small that is, It can 
be judged that it is possible for heat of combustion to be large, and for an exhaust-gas temperature to be high 
enough, and to make at least the retard of ignition timing heat by constraint of an injector driver etc. to the 
predetermined elevated temperature Teat 1 which can S purge occlusion mold NOx catalyst 30a while two- 
step injection is difficult. Therefore, in this case, it replaces with two-step injection of step S26, only the 
main injection is performed like an inhalation-of-air line, and the retard of ignition timing is made to 
perform temperature up control. In addition, let whole A/F be a predetermined rich air- fuel ratio (for 
example, value 12) also in this case. 

[0040] Moreover, it can judge that it is so high that S purge of an exhaust-gas temperature is possible even if 
an engine speed Ne and the target mean effective pressure Pe are very large, heat of combustion is very 
large when the target mean effective pressure Pe and an engine speed Ne are in the D region in drawing 3 
when Maine A/F is a rich air- fuel ratio that is, and it does not carry out temperature up control, and step S26 
is skipped in this case. 

[0041] At the following step S28, like the above-mentioned step SI 8, after two-step injection is started in 
step S26, it distinguishes whether predetermined time t2 (for example, 2sec) passed. When a distinction 
result is judged as predetermined time t2 having not yet passed in a false (No), two-step injection is 
continued until predetermined time t2 passes. On the other hand, if a distinction result is judged as 
predetermined time t2 having passed in truth (Yes), it will progress to step S30 next. 

[0042] Rich air- fuel ratio operation is carried out at step S30, without an inhalation-of-air line's making fuel- 
injection mode injection mode, and performing two-step injection like the above-mentioned step S20. CO 
will be discharged so much by this and S purge will be promoted. And at step S32, like the above-mentioned 
step S22, after rich air-fuel ratio operation is started in step S30, it distinguishes whether predetermined time 
t3 (for example, 2sec) passed. When a distinction result is judged as predetermined time t3 having not yet 
passed in a false (No), rich air-fuel ratio operation is continued until predetermined time t3 passes. On the 
other hand, if a distinction result is judged as predetermined time t3 having passed in truth (Y es), it will 
progress to step S24 next. 

[0043] At step S24, the elevated temperature (for example, 650 degrees C) to which occlusion mold NOx 
catalyst 30a was suitable for SOx removal is reached, and it distinguishes whether predetermined time t4 
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passed. This predetermined time t4 is the time amount beforehand set up by experiment etc. by making SOx 
into time amount removable enough, when occlusion mold NOx catalyst 30a is held to the elevated 
temperature Teat 1 predetermined in the inside of reducing atmosphere. 

[0044] When the distinction result of step S24 is judged as predetermined time t4 having not yet passed in a 
false (No), operation with return S purge mode is continued to step SI 4. That is, rich air-fuel ratio operation 
in the two-step injection in step SI 6 and step S26, step S20, and step S30 is repeated by turns, and is carried 
out, and it is made not to become below the elevated temperature to which occlusion mold NOx catalyst 30a 
was suitable for SOx removal based on the output of the elevated-temperature sensor 1 6. 
[0045] He is trying to repeat by turns every [ 3 ]. namely, rich air-fuel ratio operation made to discharge 
many large two-step injections and COs of the temperature up effectiveness in the S purge control 
concerned — predetermined time t2 and predetermined time t — The temperature up of the occlusion mold 
NOx catalyst 30a is carried out at an early stage to the predetermined elevated temperature Teat 1, removing 
SOx from occlusion mold NOx catalyst 30a also in a temperature up process, and it is supposed that it is 
possible to hold to the elevated temperature suitable for SOx removal. 

[0046] On the other hand, if the distinction result of step S24 is judged to be truth (Y es), it will consider that 
SOx was fully removed, it will escape from the routine concerned, and S purge control will be ended. 
Although it is always made to carry out two-step injection and rich air- fuel ratio operation by turns in all the 
periods of SOx removal with the above-mentioned operation gestalt from catalyst temperature up initiation 
After it will carry out two-step injection continuously first and Teat will reach the predetermined elevated 
temperature Teat 1 whenever [ catalyst temperature ] since S purge of some is done according to the 
temperature if Teat supplies CO for at least one or less predetermined elevated temperature Teat whenever 
[ catalyst temperature ], two-step injection and rich air-fuel ratio operation may be carried out by turns. 
[0047] In this case, although a part of control routine of S purge control which added step S19 and step S29 
to the flow chart of above-mentioned drawing 2 is shown as a modification if drawing 4 is referred to It is 
made to distinguish whether after carrying out two-step injection at step S16 and step S26, Teat became one 
or more predetermined elevated temperatures Teat whenever [ catalyst temperature ] at step S 1 9 and step 
S29. Before these distinction results have yet reached the elevated temperature Teat 1 predetermined in Teat 
whenever [ catalyst temperature ] in the false (No), two-step injection is carried out continuously, without 
carrying out two-step injection and rich air- fuel ratio operation of step S21 . 

[0048] When the distinction result of step S19 and step S29 is truth (Yes), in step S21, maintaining Teat to 
the predetermined elevated temperature Teat 1 whenever [ catalyst temperature ] like the above-mentioned 
operation gestalt based on the output of the elevated-temperature sensor 16, two-step injection and rich air- 
fuel ratio operation are carried out by turns, and occlusion mold NOx catalyst 30a is maintained at a SOx 
removal ambient atmosphere. And it distinguishes whether predetermined time t4 passed in step S24, and 
control of step S21 is continued until a distinction result serves as truth (Yes). 

[0049] Thereby, although removal of SOx cannot fully be performed in a catalyst temperature up process to 
the above-mentioned operation gestalt, occlusion mold NOx catalyst 30a can be made to reach promptly the 
predetermined elevated temperature Teat 1 which can remove SOx certainly. Moreover, although it was 
made to carry out predetermined time t3 (for example, 2sec) operation of the rich air- fuel ratio operation 
with the above-mentioned operation gestalt after carrying out predetermined time t2 (for example, 2sec) 
operation of the two-step injection, Sadayuki Tokoro may be made to carry out two-step injection and rich 
air-fuel ratio operation by turns in every number (about one or more lines). That is, Sadayuki Tokoro may be 
made to repeat two-step injection and rich air- fuel ratio operation in each gas column whenever a number 
passes. 

[0050] Moreover, although predetermined time t2 and predetermined time t3 were set to 2sec(s), for 
example, according to the required amount of temperature ups, and the required amount of COs, it may be 
made to carry out the separate installation law of predetermined time t2 and the predetermined time t3 here 
[ both ], respectively. Furthermore, according to Teat, it may be made to carry out adjustable [ of these ] a 
service condition and whenever [ catalyst temperature ] (the target mean effective pressure Pe, engine speed 
Ne, etc.). S purge can be performed thereby more much more appropriately. 
[0051] Next, an example 2 is explained. When an engine 1 is the Taki cylinder, it replaces with 
predetermined time and a predetermined number of stroke, and is made to repeat two-step injection and rich 
air- fuel ratio operation for every gas column in this example 2 in the above-mentioned example 1 , although 
every predetermined time and Sadayuki Tokoro switched two-step injection and rich air-fuel ratio operation 
for every number. 

[0052] If drawing 5 is referred to, the flow chart part which shows the control routine of S purge control 
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(sulfur component removal means) concerning the example 2 following the flow chart of drawing 2 will be 
shown, and only a different part from the above-mentioned example 1 will be explained based on this flow 
chart below. In the example 2 concerned, in step SI 4, it is distinguished whether the target mean effective 
pressure Pe is smaller than the predetermined value Pel, and when a distinction result is judged to be truth 
(Yes), it progresses to step SI 6' next 

[0053] In step S16 f , rich air- fuel ratio operation is performed in a gas column in part, and a remainder gas 
column is made to perform two-step injection, since [ that is, ] an engine 1 is for example, an injection mold 
jump-spark-ignition type serial 4-cylinder gasoline engine in a cylinder here — a part of 4-cylinder — rich 
air-fuel ratio operation is carried out in a gas column (for example, 2 cylinder), and it is made to perform 
two-step injection in a remainder gas column (for example, 2 cylinder). In this case, based on distinction of 
the above-mentioned step SI 4, like the case of an example 1, while carrying out the main injection by the 
compression stroke, it is made to carry out subinjection like an expansion line about two-step injection. 
[0054] In addition, when an engine 1 is for example, a V type gasoline engine, it is good to carry out rich 
air-fuel ratio operation in each gas column of one single-sided bank, and to be made to carry out two-step 
injection in each gas column of a single-sided bank of another side. On the other hand, when the distinction 
result of step S14 is judged to be a false (No), it progresses to step S26 f next. 

[0055] In this case, like the case of an example 1, while carrying out the main injection like an inhalation-of- 
air line, it is made for rich air-fuel ratio operation to be performed in a gas column in part like the above, and 
for it to be made to perform two-step injection in a remainder gas column, and to carry out subinjection like 
an expansion line in step S26 1 , based on distinction of the above-mentioned step S14 too. And in step S24, it 
distinguishes whether the SOx removal ambient atmosphere passed predetermined time t4. 
[0056] When the distinction result of step S24 is judged as predetermined time t4 having not yet passed in a 
false (No), it returns to step SI 4. In this case, in step SI 6' and step S26\ it continues to be made to carry out 
two-step injection and rich air-fuel ratio operation for every gas column so that Teat may be maintained to 
the predetermined elevated temperature Teat 1 whenever [ catalyst temperature ] and occlusion mold NOx 
catalyst 30a may be maintained in a SOx removal ambient atmosphere according to the output of the 
elevated-temperature sensor 16. 

[0057] If it does in this way, two-step injection where the temperature up effectiveness is large, and rich air- 
fuel ratio operation made to discharge many COs will be carried out with sufficient balance, the temperature 
up of the occlusion mold NOx catalyst 30a can be carried out to fitness to the predetermined elevated 
temperature Teat 1 , performing SOx removal, and it will become possible to ensure removal of SOx after 
that. Therefore, preventing aggravation of fuel consumption also in the case of the example 2 concerned, S 
purge, i.e., removal of SOx, will be carried out certainly, and it is supposed that it is possible to always keep 
high the NOx purification effectiveness of occlusion mold NOx catalyst 30a. 

[0058] In addition, although the gas column and the remainder gas column were used as 2 cylinder in part, 
for example, according to the required amount of temperature ups, and the required amount of COs, the 
number of gas columns and the number of remainder gas columns may be set as the different number of gas 
columns in part here [ both ] like the case where the separate installation law of predetermined time t2 and 
the predetermined time t3 is carried out in the above-mentioned example 1 . Furthermore, according to Teat, 
it may be made to carry out adjustable [ of these ] a service condition and whenever [ catalyst temperature ] 
(the target mean effective pressure Pe, engine speed Ne, etc.). S purge can be performed thereby more much 
more appropriately. 

[0059] Moreover, when Teat carries out a temperature up to the predetermined elevated temperature Teat 1 
whenever [ catalyst temperature ], you may make it start rich air-fuel ratio operation in a gas column in part, 
after carrying out two-step injection in a remainder gas column or all gas columns first. Thereby, although 
removal of SOx is not expectable in a catalyst temperature up process until a catalyst reaches the 
predetermined elevated temperature Teat 1, occlusion mold NOx catalyst 30a can be made to reach 
promptly the predetermined elevated temperature Teat 1 which can remove SOx certainly like the above. 
[0060] By the way, although it was made to make whole A/F into the predetermined rich air-fuel ratio (for 
example, value 1 2) with the above-mentioned operation gestalt (an example 1 and example 2) when 
performing two-step injection This may be for carrying out S purge at the time of two-step injection, and 
when [ whole ] using two-step injection for occlusion mold NOx catalyst 30a only as a means for carrying 
out a temperature up is considered, and performing two-step injection, A/F may be SUTOIKIO or may be 
the Lean air- fuel ratio. If it does in this way, aggravation of fuel consumption can be prevented further. 
[0061] Moreover, in rich air-fuel ratio operation, it may be made to carry out the retard of the ignition 
timing. It is effective when it seems that as many temperature up effectiveness as possible will be acquired 
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not only at the time of two-step injection operation but at the time of rich air- fuel ratio operation, and the 
temperature up of the occlusion mold NOx catalyst 30a is carried out more at an early stage by this. 
Furthermore, without presuming the amount of poisoning S immediately after starting, two-step injection 
and rich air- fuel ratio operation are surely carried out for every alternation or gas column, and it may be 
made to perform S purge control, although the amount of poisoning S of occlusion mold NOx catalyst 30a is 
presumed and it was made to carry out two-step injection and rich air- fuel ratio operation for every 
alternation or gas column with this operation gestalt, for example. 
[0062] 

[Effect of the Invention] According to the injection mold internal combustion engine in a cylinder of claim 1 
of this invention, as explained to the detail above, it can be compatible in the temperature up of these 
occlusion mold NOx catalyst required for removal of a sulfur component, and generation of reducing 
atmosphere, and the temperature up of the occlusion mold NOx catalyst can be carried out certainly 
efficiently, and CO is fully supplied and it is certainly made to reducing atmosphere. 
[0063] Therefore, there is also no aggravation of fuel consumption about SOx by which occlusion was 
carried out to the occlusion mold NOx catalyst, it becomes certainly removable, and the NOx purification 
effectiveness of an occlusion mold NOx catalyst can be held in the always high condition. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 
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[Translation done.] 
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